Abstract The chemical composition of the essential oils of Plectranthus cylindraceus and Plectranthus arabicus grown in Saudi Arabia were analyzed using gas chromatography techniques (GC-MS, GC-FID, Co-GC, LRI determination, and database and literature searches) using two different stationary phase columns (polar and nonpolar). The analysis led to the characterization of a total of 157 different compounds from both oils. In the oil derived from P. cylindraceus, 79 compounds were identified, whereas 132 compounds were identified in the oil derived from P. arabicus; these compounds account for 95.2% and 98.4% of the total oil compositions, respectively. The major constituents of P. cylindraceus oil were patchouli alcohol (55.5 ± 0.01%), 1,8-cineole (6.0 ± 0.01%) and valerianol (3.8 ± 0.18%), whereas, the main compounds of the P. arabicus oil were 1,8-cineole (50.5 ± 1.37%), b-pinene (7.0 ± 0.08%), camphor (6.3 ± 0.19%) and b-myrcene (4.1 ± 0.10%). To the best of our knowledge, patchouli alcohol found in high concentration in the P. cylindraceus oil has never been reported from the genus Plectranthus. Moreover, this is the first phytochemical study of P. arabicus. 
Introduction
Plectranthus L'Her. (Also famous with name spurflowers) is an important genus of ornamental flowering herbs and shrubs found in almost all habitats and altitudes. It belongs to the important family Lamiaceae (Originally known as Labiateae), a widely distributed plant group containing 236 genera and over 7000 species [1, 2] , among which many genera such as lavender (Lavandula), basil (Ocimum), thyme (Thymus), sage (Salvia), and mint (Mentha) are very famous for their commercial applications and various ethnobotanical uses [3] . Within this family, Plectranthus is included in the subfamily Nepetoideae of tribe Ocimeae, subtribe Plectranthinae and contains over 300 species, which are mainly found in countries having warm climatic conditions such as India, Saudi Arabia, Madagascar, Indonesia, Yemen, Australia, sub-Saharan Africa and some Pacific Islands [3, 4] . The genus is well known for its economic value as many plant species belonging to Plectranthus are rich in essential oils which have wide applications in cosmetics and pharmaceutical industries. These essential oils have also been reportedly used in traditional and modern medicines [3, [5] [6] [7] [8] . Moreover, in folk medicine Plectranthus species are frequently used for the treatment of several ailments such as respiratory conditions, muscular skeleton conditions, skin diseases, digestive problems, genito-urinary conditions, various infections and fever [3] . Furthermore, chemical investigations on Plectranthus species revealed that the genus is a rich source of diterpenoids [6, 8, 9] which have shown several important biological properties, such as antifungal [10] , antibacterial [11] [12] [13] , insecticidal [14] , antiplasmodial [13] and antitumoral [12, 13] activities. Phenolics [15] [16] [17] , triterpenoids [18, 19] , flavonoids [20, 21] and fatty acids [6, 22] have also been reported from this genus. In Saudi Arabia, the genus Plectranthus is represented by about 9 flowering aromatic species which grow naturally in several regions of Saudi Arabia [2, 23] . Many plant species of this genus are often used in local traditional medical practices and in perfumery [3, 6, 24, 25] . For instance, P. asirensis leaves are utilized by traditional healers as disinfectant for wound dressing, whereas, extracts obtained from P. tenuiflorus leaves are applied in the treatment of ear disorders. Moreover, it is also very famous for its use as ornamental plant in Saudi Arabia [6] . Although, Plectranthus species are known to have widespread applications in Saudi traditional medicine and many Plectranthus species are considered to be rich source of essential oils, but, chemical constituents of many plant species belonging to this genus are yet to be studied. Hence, as part of our interest in the characterization of chemical constituents of medicinal and aromatic plants growing in Saudi Arabia [26] [27] [28] , we herein report a detailed chemical characterization of the volatile organic compounds of two unexplored species of Plectranthus (P. cylindraceus and P. arabicus) growing in Saudi Arabia.
P. cylindraceus Hochst. ex Benth (syn. P. montanus Benth.) is a bushy leafy herb with strong aromatic succulent foliage, b Identification by; 1 = linear retention index (LRI) identical to literatures (cf. exp. part); 2 = comparison of mass spectra (MS) with the library entries of mass spectra databases (cf. exp. part); 3 = co-injection/comparison with the LRI and mass spectra of standards; t = trace (<0.05%).
and about 3 mm long blue flowers [2] . It is abundantly found in various countries, such as Yemen, Oman, United Arab Emirates, and East African countries [29, 30] . In Saudi Arabia, P. cylindraceus is widely distributed and goes under the local name of 'Kharoob' and traditionally used as deodorant, disinfectant and for the treatment of sore throat [2, 23, [31] [32] [33] . Phytochemical investigation of P. cylindraceus has been directed to the characterization of eudesmane type sesquiterpenoids and flavonoids [33] . Analysis of essential oils of P. cylindraceus from Oman, Ethiopia and Yemen have revealed that carvacrol, a-terpinolene, camphor, 1,8-cineol and thymol are the main constituents of the oil [29, 30, 32] . Moreover, P. cylindraceus oil has been described to display significant antimicrobial, nematicidal and antioxidant activities [29, 30, 32, 34] . Thorough study of literature on P. cylindraceus revealed that, although there are some reports on phytochemical investigations of P. cylindraceus growing in different agro-climatic conditions of some countries, phytochemical investigation of P. cylindraceus growing in Saudi Arabia has never been carried out. This encouraged us to perform a comprehensive chemical characterization of essential oil constituents of P. cylindraceus growing in Saudi Arabia.
On the other hand, P. arabicus E.A. Bruce is a slightly aromatic bushy leafy herb with small fleshy dentate leaves and about 6 mm long bright deep blue flowers with a white hood. It is naturally distributed in different parts of Saudi Arabia [2] . Perusal of exhaustive literature searches on the genus Pletcranthus revealed that P. arabicus have never been studied before for its phytochemical investigation, which prompted us to carry out detailed characterization of its volatile phytomolecules.
Materials and methods

Plant material
Aerial parts of P. cylindraceus and P. arabicus were procured (during the blossoming stage of the plants) in the month of March 2012 from Taif and Jazan, respectively. The identity of the each plant species was established by a plant taxonomist (Herbarium Division, College of Science, King Saud University, Riyadh, KSA). Voucher specimens of both plant species are retained in our laboratory. Table 1 .
Isolation of essential oils
Freshly collected aerial parts of P. cylindraceus and P. arabicus were sliced into small pieces. The sliced parts of P. cylindraceus (250.0 g) and P. arabicus (250.0 g) were individually hydrodistilled in a Clevenger-type apparatus for 3 h as per the method described earlier [35] to give light yellow and colorless oils respectively. The volatile oils acquired after the distillations were dried using anhydrous sodium sulfate as dehydrating agent and put in storage at 4°C till they were further used. The yield of the volatile oils obtained from the P. cylindraceus and P. arabicus were 0.8% and 1.1% (v/w), respectively, on the fresh weight basis.
Chemicals
Analytical-grade acetone (purchased from Sigma-Aldrich, Germany) was used for the dilution of oil samples. Pure essential oil constituents like for instance, linalool, n-octadecane, a-bisabolol, n-heptadecane, b-pinene, n-nonadecane, limonene, a-pinene, nonanal, thymol, and a-terpineol etc. as well as some essential oil fractions enriched with 1,8-cineole, a-humulene, b-caryophyllene, p-cymene, 1-octen-3-ol, terpenene-4-ol, cis-3-hexen-1-ol, caryophyllene oxide and a-terpinolene were available with us and were used for co-injection/comparison analysis.
Gas chromatography (GC) and gas chromatographyÀmass spectrometry (GC-MS) analysis of volatile oils
The volatile oils were analyzed using a GC-MS and GC-FID equipped with two columns, one of which was polar (DBWax), and the other was nonpolar (HP-5MS). GC-MS was performed on an Agilent single-quadrupole mass spectrometer with an inert mass selective detector (MSD-5975C detector, Agilent Technologies, USA) coupled directly to an Agilent 7890A gas chromatograph which was equipped with a split-splitless injector, a quickswap assembly, an Agilent model 7693 autosampler and a HP-5MS fused silica capillary column (5% phenyl 95% dimethylpolysiloxane, 30 m Â 0.25 mm i.d., film thickness 0.25 lm, Agilent Technologies, USA). Supplementary analyses were performed on a DB-Wax fused silica capillary column (polyethylene glycol, 30 m Â 0.25 mm i.d., film thickness 0.25 lm, Agilent Technologies, USA). The HP-5MS column was operated using an injector temperature of 250°C and the following oven temperature profile: an Figure 2 GC-FID chromatogram of aerial parts of essential oil of P. arabicus on HP-5MS column. Numbering of identified peaks is given according to the serial number of compounds in Table 1. isothermal hold at 50°C for 4 min, followed by a ramp of 4°C/min to 220°C, an isothermal hold for 2 min, a second ramp to 280°C at 20°C/min and finally an isothermal hold for 15 min. Conversely, the DB-Wax column was operated using an injector temperature of 250°C and the following oven temperature profile: an isothermal hold at 40°C for 4 min, followed by a ramp of 4°C/min to 220°C and an isothermal hold for 10 min.
Approximately 0.2 ll of each sample diluted in acetone (5% solution in acetone) was injected using the split injection mode; the split flow ratio was 10:1. The helium carrier gas was flowed at 1 ml/min. The GC-TIC profiles and mass spectra were obtained using the ChemStation data analysis software, version E-02.00.493 (Agilent). All mass spectra were acquired in the EI mode (scan range of m/z 45-600 and ionization energy of 70 eV). The temperatures of the electronic-impact ion source and the MS quadrupole were 230°C and 150°C, respectively. The MSD transfer line was maintained at 280°C for both polar and nonpolar analysis. The GC analysis was performed on an Agilent GC-7890A dual-channel gas chromatograph (Agilent Technologies, USA) equipped with FID using both polar (DB-Wax) and nonpolar (HP-5MS) columns under the same conditions as described above. The detector temperature was maintained at 300°C for both polar and nonpolar analyses. The relative composition of the oil components was calculated on the basis of the GC-FID peak areas measured using the HP-5MS column without using correction factor. Results are reported in Table 1 according to their elution order on the HP-5MS column.
Retention indices
A mixture of a continuous series of straight-chain hydrocarbons, C8-C31 (C8-C20, 04070, Sigma-Aldrich, USA and C20-C31, S23747, AccuStandard, USA) was injected into both polar (DB-Wax) and nonpolar (HP-5MS) columns under the same conditions previously described for the oil samples to obtain the linear retention indices (LRIs) (also referred to as linear temperature programmed retention indices (LTPRI)) of the oil constituents provided in Table 1 . The LRIs were computed using van den Dool and Kratz's equation [36] .
Identification of volatile components
GC-FID chromatogram of aerial parts essential oils of P. cylindraceus and P. arabicus with identified peaks of major components on HP-5MS column are shown in Figs. 1 and 2 , respectively. The identification of different components was done by matching their mass spectra with the library entries of mass spectra databases (WILEY 9th edition, NIST-08 MS library version 2.0 f, and Adams and Flavor libraries) as well as by comparing their mass spectra and linear retention indices (LRI) with published data obtained using both polar and nonpolar columns [37] [38] [39] [40] [41] [42] and the co-injection of authentic standards available in our laboratory.
Results and discussion
In this study, we present a detailed characterization of the chemical constituents of volatile oils isolated from two Plectranthus species (P. cylindraceus and P. arabicus) growing in Saudi Arabia. The hydro-distillation of fresh aerial parts of P. cylindraceus and P. arabicus in a traditional Clevengertype tool produced colorless oils in yields of 0.8% and 1.1%, v/w, respectively, based on fresh weight. The phytochemical constituents of these oils were analyzed using gas chromatography-mass spectrometry (GC-MS) and gas chromatography-flame ionization detector (GC-FID) having two stationary phase columns (polar and nonpolar columns) which led to the identification of a total of 157 different compounds from both oils. In the oil derived from P. cylindraceus, 79 compounds were identified, whereas 132 compounds were identified in the oils derived from P. arabicus; these compounds account for 95.2% and 98.4% of the total oil compositions, respectively. The identified volatile constituents and their relative percentages are recorded in Table 1 according to their order of elution on the nonpolar column (HP-5MS). From Fig. 3 , it was evident that the P. cylindraceus oil was dominated by oxygenated sesquiterpenes (68.2%) followed by sesquiterpene hydrocarbons (12.6%) and oxygenated monoterpenes (9.7%). Monoterpene hydrocarbons (1.6%) and other classes of compounds such as oxygenated aliphatic hydrocarbons (1.6%), diterpenes (1.0%), aromatics (0.4%) and aliphatic hydrocarbons (0.1%) were present in minute concentration. In contrast, principle chemical class in P. arabicus oil was oxygenated monoterpenes (67.2%) followed by monoterpene hydrocarbons (18.6%) and sesquiterpene hydrocarbons (7.2%). Oxygenated sesquiterpenes (2.3%), diterpenes (2.2%), oxygenated aliphatic hydrocarbons (0.6%) and aromatics (0.3%) were present in lesser quantity.
The main components of volatile oil of P. cylindraceus were patchouli alcohol (55.5 ± 0.01%), 1,8-cineole (6.0 ± 0.01%) and valerianol (3.8 ± 0.18%), whereas, the main compounds of the P. arabicus oil were 1,8-cineole (50.5 ± 1.37%), b-pinene (7.0 ± 0.08%), camphor (6.3 ± 0.19%) and b-myrcene (4.1 ± 0.10%) and a-terpineol (4.1 ± 0.05%). The chemical structure and EIMS fragmentation pattern for the most prevalent compound, patchouli alcohol in P. cylindraceus oil and 1,8-cineole in P. arabicus oil is given in Figs. 4 and 5 respectively.
A comparison between P. cylindraceus and P. arabicus oils in terms of their chemical classes revealed that both oils differed significantly from one another since P. cylindraceus oil was dominated by sesquiterpenoids which account for 80.8% of the total oil composition, while, P. arabicus oil was found to contain monoterpenoids as the main class of compounds, accounting for 85.8% of the total oil composition. Furthermore, the two oils also showed notable differences with respect to relative concentrations of their individual constituents. For example, monoterpene hydrocarbons such as a-pinene, b-pinene, b-myrcene and limonene were about 11-14 folds more in P. arabicus oil than that in the P. cylindraceus oil. Similarly, oxygenated monoterpenes such as 1,8-cineole, camphor, a-terpineol and d-terpineol were approximately 4-9 times more in P. arabicus oil, while, b-caryophyllene, a-humulene, viridiflorol and manool were 2-3 times greater in the oil of P. arabicus than that in the P. cylindraceus oil. Conversely, the oxygenated sesquiterpene, patchouli alcohol which was identified as the main component of P. cylindraceus oil was present only in trace amount in P. arabicus oil. On the other hand, valarianol, an oxygenated sesquiterpenoid, and abulnesene, a sesquiterpene hydrocarbon, present in appreciable amount in P. cylindraceus oil were not detected in P. arabicus oil, while caryophyllene oxide, another oxygenated sesquiterpene was found to be approximately 8 folds more in P. cylindraceus oil than that in the oil of P. arabicus. Previous reports on the volatile oil of P. cylindraceus from different regions of the world revealed that the composition of P. cylindraceus oil differed significantly with respect to their place of collections (Table 2 ). For example, Marwah et al. [30] reported carvacrol, a-terpinolene, p-cymene and b-caryophyllene as major components of the oil of P. cylindraceus grown in Oman. Asres et al. [32] reported camphor, 1,8-cineole and p-cymene as the principle constituents of P. cylindraceus oil grown in Ethiopia. Ali et al. [29] found thymol, a-terpinolene, b-selinene and b-caryophyllene as main components of P. cylindraceus oil from Yemen, whereas, in our present study patchouli alcohol, 1,8-cineole and caryophyllene oxide were determined as the main components of P. cylindraceus oil from Saudi Arabia.
It is noteworthy to mention here that patchouli alcohol, in our present study identified as the main component of P. cylindraceus oil has never been reported from the genus Plectranthus. Patchouli alcohol also known as patchoulol, is one of the most valued aroma compounds in flavor and fragrance industries. Because of its profound pleasant woody notes with long-lasting effect, it is widely used as a fragrance ingredient in perfumery, cosmetics, shampoos, soaps and non-cosmetic products like household cleaners and detergents [43] . It has also been reported to possesses various important biological activities including antimicrobial [44, 45] , anti-termite [46] , antiviral [47, 48] and antioxidant [48] activities. It is significant to mention that occurrence of patchouli alcohol in such a high proportion in the plant kingdom is very rare and only few plant species have been known to produce it in appreciable amount. Furthermore, although patchouli alcohol has been recently isolated from some plant species of the genus Valeriana [49] , to the best of our knowledge, till date patchouli plant (Pogostenum cablin Benth.) has remained as the only source for commercial isolation of patchouli alcohol [50, 51] . Thus, detection of patchouli alcohol in P. cylindraceus oil in such a great proportion (>55%) through this study could be of immense importance and might provide an alternate source for commercial utilization of this plant for its isolation at industrial scale.
On the other hand, in this study phytochemical analysis of P. arabicus has been carried out for the first time. A detailed analysis of volatile oil of P. arabicus using GC-FID and GC-MS techniques revealed that most dominating compound of the P. arabicus oil is 1,8-cineole which accounts for more than 50.0% of the total oil composition. The high content of 1,8-cineole in the essential oil of P. arabicus is remarkable, as this compound has widespread medicinal and industrial applications. 1,8-cineole which is also famously known as eucalyptol, is an oxygenated monoterpene and has been reported to demonstrate various therapeutic properties, such as antioxidant, antispasmodic, antinociceptive, analgesic, insecticidal, hypotensive, bactericidal, increases cerebral blood flow, antiviral, herbicidal, antimicrobial and anticancer properties [52] [53] [54] [55] . Furthermore, due to fresh camphor-like smell and pleasant spicy aroma with cooling taste of 1,8-cineole, it is extensively used as an important ingredient in flavorings, foods, fragrances, cosmetics and pharmaceutical industries. Moreover, it is also widely used in the treatment of various acute and chronic ailments, such as bronchitis, cough and colds, asthma, nasal infections, respiratory infections and sinusitis problems [52, 56] . Notably, 1,8-cineole has various important medicinal and industrial applications, which has been detected in essential oil of P. arabicus in high percentage in this study. Therefore, this plant can be considered as a commercially important plant and can be propagated for cultivation in agricultural cropping system for its appropriate industrial exploitation.
Conclusion
The present study is the first detailed chemical characterization of the essential oil constituents of P. cylindraceus and P. arabicus growing in Saudi Arabia. This study revealed that oil composition of these two species differed significantly from one another. Essential oil composition of P. cylindraceus was dominated by sesquiterpenoids, whereas, P. arabicus oil contained monoterpenoids as the main class of compounds. Patchouli alcohol was characterized as most dominating compound of P. cylindraceus oil, whereas, in P. arabicus oil, 1,8-cineole was determined as most representative compound. Patchouli alcohol and 1,8-cineole, both compounds have widespread applications in perfumery, flavor and fragrance, cosmetics, soaps, detergent and pharmaceutical industries. Thus, presence of patchouli alcohol and 1,8-cineole in high quantity in P. cylindraceus and P. arabicus oils, respectively, is remarkable since they possess various significant medicinal and industrial applications. Furthermore, occurrence of patchouli alcohol in high proportion in the plant kingdom is very rare and to the best of our knowledge, till date patchouli plant (P. cablin Benth.) has remained as the only source for commercial isolation of patchouli alcohol. Thus, detection of patchouli alcohol in P. cylindraceus oil in such a great proportion (>55%) might provide an alternate source for commercial utilization of this plant for the isolation of patchouli alcohol at industrial scale. However, further studies on seasonal and agro-climatic effects on compositions and yields of essential oil from various parts of these two plants growing in different regions of Saudi Arabia are required.
